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(54) Method of producing pneumantic tires having reinforcement cord layers 



(57) A method of producing a pneumatic tire iiaving 
a reinforcement cord layer at least in a tread portion, 
wherein the cord layer Is formed of sheet members ar- 
ranged side-by-aide in a circumferential direction of the 
tire. To this end, a sheet member (3A) having a prede- 
termined length Is prepared by cutting a continuous cord 
strip (3) comprised of a njbber material and longitudi- 
nally oriented cords embedded in the rubber material. 
The sheet. member is applied onto an outer peripheral 
surface of a rotating support (2) either directly or indl- 



rectiy, by urging the sheet member onto the outer pe- 
ripheral surface of a rotating support at a point that is 
moved In an axial direction of the support, while control- 
ling at least one of the angular speed of the support and/ 
or the moving speed of the urging point is controlled 
while the urging point Is axlally moved from one side of 
the support to the other, so that, as seen in a developed 
view of the cord layer, the cords extend at the center 
portion and the side portions of the cord layer, with re- 
spectively predetermined cord angles. 
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Description 

BACKGROUND OF THE INVEfSiTION 
1. Field of the Invention 



[0001] The present invention relates to a method of 
producing pneumatic tires having reinforcement cord 
layers at least In the tire tread portion. 

2. Description of the Related Art 
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[0002] Typically, such a reinforcement cord layer is 
comprised of a rubber, material and longitudinally ori- 
ented cords embedded In the rubber material, wherein t5 
the cords of the layer fomn a predetermined cord angle 
relative to the cln:umferentlal direction of the tire, as 
seen In the developed view of the cord layer. One type 
of the cord layer Is disclosed in JP 06-48111 A. wherein 
the cord angle Is larger at the tread center portion than 20 
at the tread end portions, so as to Improve hlgh-^peed 
durability and resistance to uneven wear without sacrl- 
rice of ride comfort. Another type of the cord layer Is dis- 
closed In JP 06-11 6311 A. wherein the cord angle Is 
smaller at the tread center portion than at the tread end 29 
portions, so as to Improve the fuel consumption by sup- 
pressing the heat generation of the belt layer and rolling 
resistance. 

[0003] While the provision of a reinforcement cord lay- 
er with predetermined cord angles relative to the clrcum- so 
ferential direction of the tire brings about various func- 
tional advantages as mentioned above, It Is often diffi- 
cult from a practical viewpoint to achieve a precise set- 
ting of the cord angle during the green tire bu;!^]ng proc- 
ess or thecord layer preparation process, and It Is highly 
desirable to overcome such difficulty. 

DISCLOSURE OF THE INVENTION 

[0004] It Is a general object of the present Invention 40 
to provide a method of producing pneumatic tires having 
a reinforcement cord layer at least in the tread portion, 
which eliminates the problem of the prior art associated 
with the setting of the cord angle. 
[0005] It Is a more specific ob|0Ct of the present inven- 
tion to provide a method of producing pneumatic tires 
having a reinforcement cord layer at least in the tread 
portion, which allows fomiatlon of the cord layer and 
control of thecord angle In a simple, positive and precise 
manner, so 
[0006] According to one aspect of the present Inven- 
tion, there is provided a method of producing a pneu- 
matic lire having a reinforcement cord layer at least In 
a tread portion, wherein the cord layer Is comprised of 
sheet members arranged side-by-side in a circumferen- ^9 
tlal direction of the tire and formed by a process com- 
prising the steps of: 



- preparing a sheet member having a predetermined 
length by cutting a continuous cord strip In Its lon- 
gitudinal direction, said cord strip comprising a rub- 
ber material and longitudinally oriented cords em- 
bedded in the rubber material; and 

- applying the sheet member onto an outer peripheral 
surface of a rotating support either directly or indi- 
rectly, by (1) urging the sheet member onto the outer 
peripheral surface of a rotating support at a point 
that Is moved In an axial direction of the support, 
wherein said support Is rotated with a predeter- 
mined angular speed and said urging point Is axlally 
moved with a predetermined speed, and (ID control- 
ling at least one of said angular speed of the support 
and the speed of the urging point while the urging 
point is axlally moved from one side of the support 
to the other, so that, as seen In a developed view of 
the cord layer, the cords fomi a predetennined first 
angle at a center portion of the cord layer, and a 
predetemilned second angle at side portions of the 
cord layer, said first angle and said second angle 
both being relative to a circumferential direction of 
the support. 

[0007] According to another aspect of the present in- 
vention, there Is provided a method of producing a pneu- 
matic tire having a reinforcement cord layer at least in 
a tread portion, wherein the cord layer being comprised 
of sheet members aranged sIde-by-side in a drcumfer- 
entlai direction of the tire and formed by a process com- 
prising the steps of: 

- Intemilttentiy feeding a continuous cord strip over a 
predetemnined distance, said cord strip comprising 
a rubber material and longitudinally oriented cords 
embedded In the rubber material; 

- cutting the cord strip in its longitudinal direction Into 
a sheet member having a predetemfiined length; 
supplying the sheet member thro ugh a guide toward 
an outer peripheral surface of a rotating support that 
Is rotated about Its center axis with a predetermined 
angular speed; and 

applying the sheet member onto the outer periph- 
eral surface of a rotating support either directly or 
Indirectly, by (1) urging the sheet member onto the 
outer peripheral surface of a rotating support by a 
pressure roller that is an^nged adjacent to the 
guide and moved together with the guide In an axial 
direction of the support from Its one side to the other, 
with a predetermined speed, and (ii) controlling at 
least one of said angular speed of the support and 
the speed of the pressure roller while the pressure 
roller Is axlaily moved from one side of the support 
to the other, so that, as seen in a developed view of 
the cord layer, the cords fomn a predetennined first 
angle at a center portion of the cord layer, and a 
predetermined second angle at side portions of the 
cord layer, said first angle and said second angle 
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both being relative to a clrcumTerentlal direction of 
the support. 

[0008] With the above-mentioned method according 
to the present Invention, first of all, a continuous cord 
strip comprising a rubber material and longitudinally ori- 
ented cords (e.g., 1 0 to 20 cords) embedded in the rub- 
ber material Is cut In its longitudinal direction to prepare 
a sheet member having a predetemnlned length. Sub- 
sequently, the sheet member Is applied onto the outer 
peripheral surface of a rotating support either directly or 
Indirectly. In this Instance, the support may be a rigid 
core having an outer peripheral shape that corresponds 
to an Inner peripheral shape of the tire, a bett/tread drum 
for fomiing a belt^ad band, ora tire building daim hav- 
Ing a center portion that can be radially expanded or re- 
tracted. Thus, when the support Is a rigid core, tor ex- 
ample, the sheet member Is applied to fonri a carcass 
ply that extends across the tread portion of the tire, or 
to form a reinforcement belt layer on a carcass layer that 
has been prepared on the support In advance. When, 
on the other hand, the support Is a tire building drum» 
the sheet member Is applied with the drum center por- 
tion expanded radially outwards for a shaping of the car- 
cass ply or the like. 

[0009] The sheet member Is applied to the support ro- 
tated with a predetennlned angular speed, by urging the 
sheet member onto the outer peripheral surface of the 
support at a point that Is moved In an axial direction of 
the support with a predetermined speed, and by simul- 
taneously controlling the angular speed of the support 
and/or the moving speed of the urging point while the 
latter Is axlally moved from one side of the support to 
the other. The sheet member may be urged against the 
support by a pressure roller that Is movable In the axial 
direction of the support. The speed control with respect 
to the support and/or the urging point (or the pressure 
roller} is perfonned so that, as seen in an developed 
view of the cord layer, the cords fonri a predetermined 
first cord angle at a center portion of the cord layer, and 
a predetermined second cord angle at side portions of 
the cord layer. 

[0010] The above-mentioned steps are repeated by a 
number of times depending upon the width of the sheet 
member, until the entire peripheral surface of the sup- 
port is fully covered by the sheet members that are suc- 
cessively arranged side-by-slde, while Intemilttently 
feeding the cord strip over a predetemilned distance 
that corresponds to the length of the sheet member, 
thereby completing formation of the reinforcement cord 
layer with a desired cord angle In a simple, positive and 
precise manner. 

[001 1 1 According to the present invention, therefore, 
it is possible readily to realize a cord layer of whbh the 
cords extend with a desired cord angle relative to the 
circumferential direction of the tire, as seen in the de- 
veloped view of the cord layer, depending upon various 
design requirement in terms of Intended function of the 



cord layer. Thus, for example, the tirst angle of the cords 
at the center portion of the cord layer may be largerthan 
the second angle of the cords at the side portions of the 
cord layer. Conversely, the first angle of the cords at the 
^ center portion of the cord layer may be smaller than the 
second angle of the cords at the side portions of the cord 
layer. 

[0012] When the rotating support is comprised of atire 
building dnjm or a rigid support as mentioned above, 

10 having a crown portion in its cross-section, It is Important 
to takB Into account the peripheral speed of the support 
which changes in the axial direction if the support is ro- 
tated at a constant angular speed during fbmnation of 
the cord layer, due to the diameter of the support which 

f9 changes In the axial direction, in this Instance, if the urg- 
ing point of the sheet member or the position of the pres- 
sure roiter were moved axlally of the support with a con- 
stant speed, the cord angle at the side portions of the 
cord layer would be relatively large due to a relatively 

20 small diameter and relatively small peripheral speed of 
the side portions of the support, and the cord angle at 
the center portion of the cord layer would be relatively 
small due to relatively large diameter and peripheral 
speed of the center portion of the support. 

S9 [0013] According to the present invention, however, 
an appropriate speed control with respect to the support 
and^or the urging point (or the pressure rolleO may be 
perfomrted thereby making it readily possible to realize 
a cord layer wherein the first cord angle at the center 

30 portion of the cord layer is substantially the same as the 
second cord angle at the side portions of the cord layer, 
or wherein the first cord angle is largerthan the second 
cord angle, If necessary. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The present invention will now be explained in 
further detail hereinafter, with reference to a prefen^ed 
embodiment shown In the accompanying drawings. 
40 [001 5] FIG. 1 is a front view showing one example of 
the apparatus suitable for carrying out the method ac- 
cording to the present Invention. 
[0016] FIG. 2 is a plan view of the apparatus shown 
In FIG. 1. 

<9 [0O17] FIG. 3 is a side view of the apparatus shown 
in FIG. 1 . 

[0018] FIG. 4 Is a schematic view showing one em- 
bodiment of the present Invention wherein the cord an- 
gle is changed stepwise as the pressure roll Is moved 

so from one. side to the other of the rotating support. 
[001 9] FIG. 5A Is a schematic perspective view show- 
ing another embodiment of the present Invention as ap- 
plied to a support having acrown portion, for maintaining 
a constant cord angle over the entire width of the cord 

55 layer. 

[0020] FIG. 5B is a graph showing the relationship be- 
tween the moving speed and the axial position of the 
pressure roll relative to the rotating support, in the em- 
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bodlmentof FIG. 5A. 

DETAILED DESCRIPTiON OF THE PREFERRED 
EMBODIMENTS 

(0021 J Referring now to the drawings, FIGS. 1 to 3 
show one example of an apparatus suitable for carrying 
out the nfiethod according to the present Invention, 
which Is generally denoted by reference numeral 1 . The 
apparatus 1 Includes a rotatable support 2 that may be 
In the form of a substantially cylindrical drum that can 
be rotated In the direction as Indicated by arrow R In 
FIGS. 1 to 3, under a controlled angular speed. The sup- 
port 2 has a flat outer peripheral surface 2a for forming 
a cord layer thereon. 

[0022] A continuous cord strip 3 Is unwound from a 
reel, not shown, and Intermittently fed over a predeter- 
mined distance by a feed mechanism 4, as shown by 
arrow L In FIGS. 1 and 2. The cord strip 3 is comprised 
of a thin rubber material and a plurality of cords, e.g., 10 
to 20 cords, which are longitudinally oriented and em- 
bedded In the njbber material. The cord strip 3 Is cut in 
Its longitudinal direction by a cutting mechanism 5 that 
Is arranged on the downstream side of the feed mech- 
anism 4, to prepare a sheet member 3A having a pre- 
determined length. The sheet member 3A Is supplied 
onto the outer peripheral surface 2a of the rotating sup- 
port2 eltherdirectly or Indirectly, by a supply mechanism 
6 that is anranged on the downstream side of the cutting 
mechanism 5. it Is assumed that the sheet member 3A 
is supplied in a direction that fonms a controlled angle 
relative to the circumferential direction of the support 2. 
The supply mechanism 6 includes, besides a plurality 
of supply roil pairs, a guide 7 and a pressure roll 8 which 
are arranged adjacent to each other and resiiientiy bi- 
ased toward the support 2. The three mechanism men- 
tbned above, i.e.. the feed mechanism 4. the cutting 
mechanism 5 and the supply mechanism 6, are mount- 
ed on a common carriage 9 that can be moved in the 
axial direction of the support 2, as Indicated by anrow W 
in FIGS. 2 and 3. Although not shown In the drawings, 
It is noted that the support 2 and the carriage 9 are driven 
by respective drives, such as servomotors, which are 
controlled by a common controller. 
[0023] The sheet member 3A supplied to the supply 
mechanism 6 Is guided by the guide 7 and urged by the 
pressure roll 8 toward the outer peripheral surface 2a of 
the rotating support 2, while the support 2 Is rotated un- 
der a controlled angular speed and the carriage 9 is 
moved In the axial direction of the support 2 under a con- 
trolled moving speed. The sheet member 3A is thereby 
urged by the pressure roll 8 against the outer peripheral 
surface 2a of the rotating support 2, at a point that is 
moved In the axial direction of the support 2, along with 
the axial movement of the canlage 9 together with the 
guide 7 and the pressure roll 8. As a result, the sheet 
member 3S Is gradually applied onto the outer periph- 
eral surface 2a of the rotating support 2 so as to extend 



obliquely with reference to the circumferential direction 
of the support 2 from one side thereof to the other. 
[0024] After asheet member 3A of the predetenfnined 
length has been applied to the outer peripheral surface 
5 2a of the rotating support 2, the pressure roll 8 together 
with the guide 7 (s retracted away from the support 2, 
and the can^iage 9 is axialiy moved back to Its Initial po- 
sition, and the support 2 is simultaneously rotated in a 
reverse direction to an angular position where the appli- 
cation of a next sheet member 3A onto the support 2 is 
to be initiated. Then, the above-mentioned process 
steps are repeated until the entire peripheral surface 2a 
of the support 2 is fully covered by the sheet members 
3A that are successively aranged slde-by-^lde so as to 
complete fomnatlon of the reinforcement cord layer on 
the support 2. 

[0025] During the application of the sheet members 
3A onto the outer peripheral surface 2a of the rotating 
support 2, the angular speed of the support 2 and/or the 
moving speed of the pressure roll 6 Is controlled at pre- 
determined positions In the longitudinal direction of the 
sheet member 3A so that the sheet member 3A as ap- 
piled may exhibit a discontinuous shape as a whole, in- 
stead of linear shape, as seen in a developed view of 
the cord layer. 

[0026] Thus, as shown in FIG. 4, for example, during 
the application of the sheet member 3 onto the outer 
peripheral surface 2a of the support 2, while the pres- 
sure roll 8 Is moved in the axial direction from one side 
edge El to the other side edge E2 of the support 2, with 
a predetemnlned constant moving speed, the angular 
speed of the support is Increased at a point P1 and de- 
creased at another point P2 to the initial speed, both in 
a stepwise manner, assuming that the points PI and P2 
exist along the sheet member 3A, respectively. By this, 
the cords of the sheet member 3A form a relatively small 
angle 61 with reference to the circumferential direction 
of the support 2. In the center portion of the cord layer 
defined between the two points PI and P2, and a rela- 
tively large angle 62 with reference to theclrcumferentlal 
direction of the support 2, In the side portions of the cord 
layer on both sides of the center portion. I.e., those por- 
tions defined between the side edge El of the cord layer 
and the point PI along the sheet member 3A, and be- 
tween the point P2 along the sheet member 3A and the 
opposite side edge E2 of the cord layer 
[0027] It Is to be noted that the cord layer comprised 
of sheet members 3A having a discontinuous shape as 
shown in FIG. 4 can also be formed by maintaining a 
constant angular speed of the support 2 and decreasing 
the axial moving speed of the pressure roll 8 in the re- 
gion of the sheet member 2 con^esponding to the center 
portion of the cord layer, which is defined between the 
two points PI and P2. 

[0028] On the other hand, it Is possible to form a cord 
layer with a relatively large cord angle 61 in the center 
portion and a relath^ely small cord angle 62 In the side 
portions, by decreasing the angular speed of the support 
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2 and/or Increasing the nnoving speed of the pressure 
roll 8. both In the region of the sheet mennber 2 corre- 
sponding to the center portion of the cord layer, which 
Is defined between the two points PI and P2. 
[0029] While the cord angle In the ennbodlment of FIG. 
4 Is changed at two points PI and P2 In a stepwise man- 
ner, the present invention Is not limited to such embod- 
iment Thus, for example, the cord angle may be 
changed at a single point or at more than two points In 
a stepwise manner, or may be gradually .changed in a 
continuous manner. 

[0030] Another embodiment is shown In FIG. 5A. 
wherein the present Invention is applied to formation of 
a cord layer on a rotating support 2 having a crown por- 
tion, for maintaining a constant cord angle over the en- 
tire width of the cord layer. In this instance, the support 
2 may be a rigid core having an outer peripheral shape 
that corresponds to an Inner peripheral shape of the tire, 
or a tire building drum having a center portion that can 
be radially expanded or retracted. Assuming that the 
support 2 Is driven under a constant angular speed, the 
moving speed of the pressure roil 8 is gradually In- 
creased from one side edge E1 of the support 2 toward 
the center region and then gradually decreased from the 
center region toward the opposite side edge E2, as 
shown In FIG. 5B, so as to compensate for the difference 
In diameter and peripheral speed of the support 2 be- 
tween Its center region and side edges El , E2, and 
thereby fomn a cord layer wherein the cord angles 61 , 
^2 In the center portion and the side portions of the cord 
layer are substantially the same with each other. 
[0031] it will be appreciated from the foregoing de- 
scription that the present Invention to provide a method 
of producing pneumatic tires having a reinforcement 
cord layer at least in the tread portion, which allows for- 
mation of the cord layer and control of the cord angle In 
a simple, positive and precise manner. 
[0032] While the present Invention has been de- 
scribed above with reference to some preferred embod- 
iments, they were presented by way of examples only, 
and various changes or modifications may be made 
without departing from the scope of the invention as de- 
fined by the appended daJms. 
[0033] Thus, for example, instead of cutting a contin- 
uous cord strip Into a sheet member and subsequently 
applying the sheet member onto the rotating support as 
In the illustrated embodiments, It is also possible to fonn 
a desired cord layer with a desired cord angle arrange- 
ment by repeating the process steps wherein a prede- 
tenmined length of the continuous cord strip, per so, is 
applied onto the rotating support and cut into a sheet 
strip after or during the course of such application. 



Claims 

1. A method of producing a pneumatic tire having a 
reinforcement cord layer at least in a tread portion, 



said cord layer being comprised of sheet members 
amanged side-by-slde In acircunnferential direction 
of the tire and formed by a process comprising the 
steps of: 

5 

- preparing a sheet member having a predeter- 
mined length by cutting a continuous cord strip 
in Its longitudinal direction, said cord strip com- 
prising a rubber material and longitudinally on- 

f0 erted cords embedded in the rubber material; 

and 

- applying the sheet member onto an outer pe- 
ripheral surface of a rotating support either di- 
rectly or indirectly, by (1) urging the sheet mem- 
ber onto the outer peripheral surface of a rotat- 
ing support at a point that Is moved In an axial 
direction of the support, wherein said support 
Is rotated with a predetennined angular speed 
and said urging point Is axlally moved with a 

^ predetermined speed, and (11) controlling at 

least one of said angular speed of the support 
and the speed of the urging point while the urg- 
ing point Is axlally moved from one side of the 
support to the other, so that, as seen In a de- 
« veloped view of the cord layer, the cords fonn 

a predetermined first angle at a center portion 
of the cord layer, and a predetermined second 
angle at side portions of the cord layer, said first 
angle and said second angle both being relative 
30 to a circumferential direction of the support. 

2. The method according to dalm 1 , wherein at least 
one of said angular speed of the support and the 
speed of the urging point is controlled so that said 

^5 first angle is larger than said second angle. 

3. The method according to claim 1 , wherein at least 
one of said angular speed of the support and the 
speed of the urging point Is controlled so the said 

^0 first angle is smaller than said second angle. 

4. The method according to dalm 1 , wherein at least 
one of said angular speed of the support and the 
speed of the urging point to controlled so that said 

^9 first angle Is substantially the same as said second 
angle. 

5. The method according to claim 4, wherein said ro- 
tatable support has a crown portion In its cross-sec- 

50 tion. 

6. The method according to claim 1 , wherein said ro- 
tatable support is one of (1) a rigid core having an 
outer peripheral shape that corresponds to an Inner 

95 peripheral shape of the tire, (ii) a belt/tread drum for 
forming a beit/tread band, and (HI) a tire building 
drum having a center portion that can be radially 
expanded or retracted. 
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A mothod of producing a pneumatic tire having a 
reinforcement cord layer at least In a tread portion, 
said cord layer being comprised of sheet members 
an-anged slde-by-slde In a clncumferentiat direction 
of the tire and fornied by a process comprising the 5 
steps of: 

- Intermittently feeding a continuous cord strip 
over a predetennlned distance. eaJd cord strip 
comprising a rubber materfai and longitudinally 10 
oriented cords embedded tn the rubber mated- 

al; 

• cutting the cord strip in its longitudinal direction 
Into a sheet member having a predetermined 

length; 

- supplying the sheet member through a guide 
toward an outer peripheral surface of a rotating 
support that Is rotated about Its center axis with 
a predetennlned angular speed; 

- applying the sheet member onto the outer pe- 20 
rlpherat surface of a rotating support either di- 
rectly or indirectly, by (!) urging the sheet mem- 
ber onto the outer peripheral surface of a rotat- 
ing support by a pressure roller that Is arranged 
acgacent to the guide and moved together with S9 
the guide In an axial direction of the support 
from Its one side to the other, with a predeter- 
mined speed, and (II) controlling at least one of 
said angular speed of the support and the 
speed of the pressure roller while the pressure so 
roller is axialiy moved from one side of the sup- 
port to the other, so that, as seen in a developed 
view of the cord layer, the cords form a prede- 
tennlned first angle at a center portion of the 
cord layer, and a predetermined second angle ss 
at side portions of the cord layer, said first angle 
and said second angle both being relative to a 
circumferential direction of the support. 



12. The method according to claim 7, wherein said ro- 
tatable support is one of (i) a rigid core having an 
outer peripheral shape that corresponds to an Inner 
peripheral shape of the tire, (ii) a belt/tread dnim for 
forming a belt/tread band, and (ill) a tire building 
dmm having a center portion that can be radially 
expanded or retracted. 



8. The method according to claim 7. wherein at least ^ 
one of said angular speed of the support and the 
speed of the pressure roller is controlled so that said 
first angle is larger than said second angle. 

9. The method according to daim 7, wherein at least <9 
one of said angular speed of the support and the 
speed of the pressu re roller Is controlled so that said 
first angle is smaller than said second angle. 

10. The method aocondlng to claim 7. wherein at least so 
one of said angular speed of the support and the 
speed of the pressure roller Is controlled so that said 
first angle is substantially the same as said second 
angle. 

55 

1 1 . The method according to claim 1 0, wherein said ro- 
tatable support has a crown portion in its cross-sec- 
tion. 
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